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Introduction

The electron probe microanalyzer (EPM) uses a finely focused elec-
tron beam that impinaes on a polished sample, aenerally at 15-20 keV,
producing x rays characteristic of the elements present in the sample.
In oceneral, EPM results should be accurate and reproducible to 2% of
the amount present for most najor eiements., Relative accuracy decreases
vith decreasing elemental concentrations. For elemental concentrations
ahout 1 wt%, relative accuracy should be within 5%, The following
shows how the EPI may be used for quantitative analysis of organic
sul fur in coal.

The tPI: Approach

The American Socicty for Testing and haterials (AS1H) Standard Test
Method 024972-68 for sulfur analysis in coal specifies the analytical
determination of values for total, pyritic and sultate sultur. Orcanic
sul fur is calculated by subtractino pyritic and sulfate sul fur from the
total. The procedures are airmed at providinc rarid, inexpensive, and
renroducible data for coal utilization. The pyritic, sulfate, and
oroanic sul fur contents reportec by the nrocesses adequatclv reflect the
amount of sulfur that can be removed by sizina, specific aravity separa-
tion, and hindered settling tuchniques. but any error in total, pyritic
or sulfate sulfur determinetion will show up as an error in oraanic
sul fur determination., keasons for error in pyritic sultur determina-
tions have been reported (Edwards et al., 1964; Greer, 1977).

EPI has important advantages over conventional methods of analysis
for oroanic sulfur in coal: analysis by EPH 1s done directly, thus
avoiding prohlems associated with calculatina organic sulfur content by
difference;, oraanic sulfur contents of individual macerals can be
measured in s1tu in a sample; and organic sul fur analysis with the EPI
is both non-destructive and rapid.



Initially Raymond and Gooley (1978) calculated the organic sulfur
content of a coal with the EPH using a mean modal analysis technique.
In this preccess the mean organic sulfur content of each maceral type was
determined and multiplied by the weight percent of that maceral in the
dry coal sample. The sulfur contents contributed by individual meceral
types were then summed to give the total organic sul fur content of the
coal (Table I).

X MACERAL wt% S_/
MACE RAL wtd S wts MACERAL
——— — -
Vitrinite 0.61 52.8 0.32
Pseudovitrinite 0.56 16.4 0.09
Fusinite 0.27 6.2 0.02
Sermifusinite 0.44 6.2 0.03
Sporinite 0.64 6.0 0.04
llicrinite .59 2.8 0.02
Macrinite 0.51 0.7 (v.004)

Total So (dry) = 0.52 wti.

Table 1: Comprehensive EPII method of oraanic sul fur analysis

To measure the validity ot the EPlM technique coals were chosen in
whict sulfate sulfur as detemined by ASTIE methods eaualed zero and in
wrich pyritic sulfur was minimal as determined by ASTH methods and as
ohsnrved by optical microscopy. Since inoraanic sulfur contents werr
srall, any discrepancics between EPIC and ASTH orqenic sultur contents
due to inaccurate pvrite or sulfate analysis should also be small. As
can be seen in Table 11 the EPII analyses very closely approached those
of the ASTI,

ASTH ASTH EPr
COAL PALE  PYRITIC S ORGALIC S ORGANIC S
J. E1khorn #3  hvAb V.0l 0.61 0.63
Ohin #5 subC 0.01 0.92 0.94
L. Klkhorn hvAb .03 0.52 0.5
Hazard #7 hvAb 0.03 0.51 0.58
U. Sunnyside hvAb 0.06 0.59 U.66
11nd Canyon hvAb 0.13 0.33 0.41
Lietz #3 subC 0.13 0.15 .18

contents as dry wt'.

Table I1: ASTMN/EPH comparative study

The comprehensive EPM method discussed above 1s ext-cmely time
censuming.,  The method requires point countina the sample to cdeten:ine



the wt% of the various macerals. An oil immersion photomosaic has to be
prepared for identification of analytical sites once the sample has been
placed in the EPM. Finally, greater than 60 EPM analyses must be per-
formed to determine the organic sulfur content of a sinale coal sample.
Data derived from analysis of numerous coals using the comprehensive
method, though, provided us with a better EPH app-oach.

The comprehensive method was performed on 29 coals that represented
27 seams from 13 states - . the contiquous USA. Rank of the coals ranged
from subbituminous C to low volatile; total sulfur contents ranged from
0.29 to 10.16 wt% (daf). The organic sulfur contents of the coals
determined by the comprehensive EPM method are plotted vs thre organic
sul fur content of respective vitrinite components {Figure 1). The best
linear fit of the data has a correlation coefficient of 0C.4Y, a
y-intercept of -0.03, and a slope of U.9¢. Empirically, the oraanic
sul fur content of a coal essentially equals the crganic sulfur content
of its vitrinite.
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Raymond (1979) showed that s oeneral relationship exists in most
coals with respect to nroanic sulfur contents of the macerals:
sporinite, resinite > micrinite, vitrinite > psuedovitrinite > semi-
fusinite > macrinite > fusinite. How then can the vitrinite organic
sulf r content be representative of all macerals present in a coal
sample? In most ot the 2Y coals discussed above (as 1s the case in most
coals) the vitrinite macerals dominatc (Table 11I). Thus the vitrinite
organic sulfur content has a major intluence on the oroanic sultur



Vitrinite
Inertinite
Liptinite

X wts  RANGE

78.5 38.9-92.2
17.3 9.1-38.9
3-7 000"1902

Table II1: Analysis of maceral constituents for 29 coals

(maceral wt% on a dmf pasis)

content of the coal. But what of the coals containing as little as 38.9
wt? vitrinite? Table IV contains the wt% of the various macerals found
in two coals and the organic sulfur contents of those macerals. As can
be seen in Table IV, the vitrinite organic sulfur contents approximate
the oraanic sulfur contents determined from the weighted mean of the
othar macerals present.

dominant maceral,

Therefore, as well as cormmonly being the most
the vitrinite contains an organic sulfur content
equivalent to the mean of all the macerals.

U. Elkhorn hvAb Coal

v Pv F Sf lla My S R
wt of sample 3R.9 2.2 7.1 £.3 13.2 13.3 17.6 2.4
wth SO 0.73 0.45 0.30 0.38 0.64 0.60 0.94 1.03
So Vit. = 0.73 S (wt'd x) remaining macerals = 0,67 S, coal = 0.69

Ohio #4 hvBb Coal

v Pv F Sf Ila Iy S
wt? of sample 72.0 3.0 3.9 5.7 0.3 7.8 1.3
wt* So 2,93 2.5%6 0.73 1.51 0.92 2.9¢ 3.H9

So Vit., = 2.93 S0 (wt'd x) remaining macerals = 2,50 S coal = 2,80

Table IV: Relationship between oraanic sulfur contents of vitrinite,

remaining macerals, and whole coal (So wt% on dmmf basis)
V = vitrinite, Pv = pseudovitrinite, F

=" fusinite, St = semi-
fusinite, Ma = macrinite, Mi = micrinite, S= sporinite, R =
resinite

There are two factors making it advantageous to measure the orqganic
sul fur content of vitrinite t~ detemine the oraanic sulfur content of a
The most obvious 1s that the number of EPI analyses will be
fewer, For each of the cnal samples listed in Table V, Raymond et al.
(1980) analyzed up to 400 vitrinite orains for organic sulfur content
both with and without the aid of photomosaics. Using a t-statistic

col.



COAL RANK SULFUR wt% (daf) n

Tebo hvBb 9.37 13-14
Ohio #5 subC 1.02 10-12
U. Sunnyside hvAb 0.69 5-6
L. Kittanning low vol 2.81 7-9

Table V: Number of analyses (n) necessary to give a maximum desired
variability when analyzing for organic sulfur with EPM

approach they calculated the number of znalyses (n) fcr each run neces-
sary to give a desired maximum variability of 10%, at the 95% confidence
level, from the true mean as defined by 100 analyses. As can be seen in
Table V, in no case was it necessary to analyze more than 14 vitrinite
areas. The second advantage to analyzing only vitrinite is that Reymond
et al. (1980) were able to achieve essentially identical results both
with and without the use of photmosaics. Using texture and morpholocy
tc identify areas of vitrinite after the sample had been placed in the
EPl wacs as successful as identifyirg the vitrinite usino oil-immersion
microscopy prior to analysis. Thus the need ftor photmosaics was
eliminctec,

The Ranid EP! fiethod

EPli analysis for araanic sulfur content can be performed easily on
=20 to -100 mesh coal samples. Samples need only be mounted in epoxy
and polished as coal samples are commonly prepared for petrographic
exanination. 15 areas within non-contiquous vitrinite arains are ana-
lvzed with the EPM. Without the need to produce a photomosaic, thc
orqanic sul fur content of vitrinite, and there.ore of a coal, may be
deternined in less than 10 minutes.

To test the EPM method coals werc analyzed for which the ASTH
oroanic sul fur values were corrected for unextracted iron. As discussed
by Suhr and Given (in press) such a correction would take into account
the effect of any pyrite that remained unextracted following the ASTH
Standard Method D2492-68. As can be seen from the data in lable VI, the
EPM oraanic sul fur contents are ver, close to those of the corrected
ASTH values.

Using e EPM method, the potential exists to achieve very rapid.
mul tiple oraanic sulfur analyses, which in turn will allow for rapid,
detailed measurements of variations in organic sulfur content occurrina
across coal seams.



L. KITTANNING hvAb/hvBb COAL

ASTM* EPH
SAMPLE S (diff.) S_(corr.) S
1273 1.54 1.49 1.50
1276 2.12 2.07 2.09
1277 2.09 2.04 2,08
1279 0.55 0.44 0.60
1262 0.61 0.53 0.57
1299 1.28 1.19 1.09

Table VI: Coals containing pyrite - EPM S_ vs documented ASTM S
* ASTM data after Suhr and GiveR (in press) (all valuls as
dry wt%)
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